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Introduction
Transcatheter aortic valve implantation (TAVI) has emerged as an alternative to surgery for patients with severe symptomatic aortic valve stenosis, particularly for those who were considered at high risk for surgery or were inoperable. Untreated severe aortic stenosis has a high rate of morbidity and mortality [1, 2] . TAVI was reported to have lower morbidity and mortality rates compared with medical therapy alone [3] . In studies comparing TAVI and surgical aortic valve replacement, similar rates of efficiency were determined initially [4] . However, recent studies suggested that TAVI is more reliable in high-risk or inoperable patients [5] .
Contrast media are used for the purpose of illustration of the alignment of the aortic leaflets during TAVI. The risk of renal function impairment related to radiologic procedures is low in the general population, but it may be very high in selected patient subsets, especially during cardiac catheterization. Renal function that has been stable before TAVI can be deteriorated after the operation. Acute kidney injury that can occur after invasive interventional operations increases morbidity and mortality, particularly in elderly and high-risk patients [6] [7] [8] . Contrast-induced nephropathy (CIN) is one of the underlying causes of acute kidney injury [9] . CIN was defined as an absolute increase in serum creatinine (SCr) of >0.5 mg/dl or a relative increase of >25% within 48-72 h after TAVI [10] .
The factors that could lead to the development of CIN after interventional cardiovascular operations must be well known in order to take preventive measures before or during the operation. Many individual risk factors for the development of CIN have been reported in the literature. The risk of CIN is significantly higher among patients with aortic stenosis undergoing TAVI. Older age, preexisting renal failure, hemodynamic instability, congestive heart failure, diabetes mellitus, anemia, and the use of a large volume of contrast agent are established risk factors for the development of CIN [11] . The Mehran risk score (MS) was adopted to predict the development of CIN and includes clinical and procedural variables: hypotension, intra-aortic balloon pump, congestive heart failure, chronic kidney disease, diabetes, age >75 years, anemia, and volume of contrast medium [11] .
Although the risk factors for the development of CIN in patients with TAVI have been established before, the predictive value of MS in the development of CIN has not been investigated in detail yet. Therefore, in this study, we aimed to evaluate the value of MS in the prediction of CIN development after TAVI.
Patients and Methods

Study Design and Patients
This was a prospective follow-up study of 93 patients who underwent aortic valve replacement with TAVI for severe aortic stenosis at Sifa University Hospital between June 2013 and November 2014. Patients who were found to be suitable for TAVI by the heart team council of our center were included in the study. Patients who were already on dialysis before TAVI, with creatinine values >2.5 mg/dl, and with permanent pacemakers were excluded. Operative risks for patients were calculated using the Logistic European System for Cardiac Operative Risk Evaluation (Logistic EuroSCORE) and the Society of Thoracic Surgeons Predictive Risk of Mortality (STS) scores. Patients with a Logistic EuroSCORE >20% or an STS score >10% were considered as high-risk patients [12] .
Clinical, demographic, and echocardiographic data, processual variables, and morbidity and mortality rates were recorded for 6 months following TAVI. The 1-, 3-and 6-month controls after the discharge of patients were performed at our center.
The study was approved by the institutional ethics committee, and all the study-related procedures were performed according to the latest version of the Helsinki Declaration. All the patients signed an informed consent form before participation in the study.
Study Procedures
Severe aortic stenosis was diagnosed using echocardiography. A mean aortic gradient >40 mm Hg, an aortic valve area <1 cm 2 , and a valve area index (valve area/body surface area) <0.6 cm 2 were considered severe aortic stenosis [12] . An Edwards SAPIEN XT valve (Edwards Lifesciences, Irvine, Calif., USA) balloonexpandable device was used for TAVI. A vascular occlusion device (ProStar XL, Abbott Laboratories, North Chicago, Ill., USA) was used in eligible patients in terms of femoral artery diameter and anatomy. The surgical cutdown method was applied in patients who were unsuitable for using the iliac and femoral artery vascular closure device. Transesophageal echocardiography and multislice computed tomography tests were done to determine the diameter of the aortic bioprosthesis. Patients received clopidogrel 75 mg, aspirin 100 mg, and intravenous antibiotherapy before the procedure. Iohexol (Omnipaque, GE Healthcare Inc., Princeton, N.J., USA), nonionic, low-osmolar monomeric, was used as the contrast medium. The amount of contrast medium was recorded during the procedure. Procedures such as computed tomography and coronary angiography that require the administration of contrast medium were performed at least 72 h before TAVI. Daily renal function tests were used to monitor the patients from admission to discharge. In addition, creatinine levels were checked in the second week and in the first, third, and sixth month after the procedure.
Estimated glomerular filtration rate (GFR) was calculated using the formula of Modification of Diet in Renal Disease: GFR (expressed in ml/min/1.73 m 2 ) = 186 × SCr 1.154 × age 0.203 (0.742 for female gender). Before TAVI, 1 ml/kg/h of 0.9% NaCl solution was implemented for 24 h to the patients with a GFR <50 ml/ min/1.73 m 2 . Then, 48-72 h after TAVI, a 0.5 mg/dl or 25% increase compared to the basal creatinine value was evaluated as CIN [10, [12] [13] [14] [15] [16] [17] .
The Mehran CIN risk score included eight clinical and procedural variables: presence of hypotension, congestive heart failure, chronic kidney disease, diabetes, age >75 years, anemia, requirement of intra-aortic balloon pump, and the volume of contrast agent used. Patients were categorized into four risk groups based on MS: low ( ≤ 5), moderate (6-10), high (11) (12) (13) (14) (15) , and very high ( ≥ 16). Risk groups were compared for all study variables. Patients who developed CIN (CIN+) and those who did not (CIN − ) were compared for clinical, demographic, and echocardiographic data; risk factors; processual variables; and morbidity and mortality rates.
Statistical Analysis
Statistical analysis was performed using SPSS 17.0 software (SPSS, Chicago, Ill., USA). To test the distribution pattern, the Kolmogorov-Smirnov test was used. Continuous variables were expressed as the mean ± standard deviation (SD), and the categorical variables were expressed as percentages. Comparisons of continuous variables between the two groups were performed using the independent samples t test, and the analysis of variance (ANOVA) test was used for comparing continuous variables of multiple groups. Univariate and multivariate, stepwise backward conditional regression analyses were used to determine the independent predictors of CIN. MS, diabetes mellitus, ejection fraction, coronary artery disease, creatinine, GFR, volume of contrast agent, and hematocrit level were included in the regression analysis. A receiver operating characteristic (ROC) curve analysis was performed to identify the optimal cutoff point of MS to predict CIN in patients with ST elevation myocardial infarction. The area under the curve (AUC) values were calculated as a measure of test accuracy. A two-sided p < 0.05 was considered significant within a 95% confidence interval (CI).
Results
General Characteristics of Patients
Ninety-three patients (47 females; mean age, 77.2 ± 7.6 years) were enrolled into the study. CIN was recorded in 24 patients after TAVI (25.8%). No significant differences between the patients with and without CIN were determined in terms of demographic, laboratory, and echocardiographic characteristics ( table 1 ) .
Procedural Data
A balloon-expandable Edwards SAPIEN XT valve via transfemoral access was implanted in all patients. The mean radiation time was 7.9 ± 3.3 min. The mean contrast volume and 
CIN and Risk Factors
When the risk factors were evaluated, the difference between CIN+ and CIN − groups in terms of coronary artery disease, diabetes mellitus, hypertension, chronic obstructive pulmonary disease, and peripheral arterial disease was not ascertained. The CIN+ group's length of stay in the intensive care unit and the length of stay in the hospital were determined as 1.8 ± 1.2 and 4.9 ± 1.7 days, respectively.
After TAVI, 2 of the patients (2.2%) needed permanent pacemaker implantation due to an atrioventricular conduction block. Major bleeding occurred in 8 patients, of whom 3 (12.5%) were in the CIN+ group (p = 0.339). The patients in the CIN+ and CIN − groups did not show a significant difference in terms of stroke and minor bleeding complications ( table 1 ) .
The amount of contrast medium was significantly higher in the CIN+ group (p = 0.029). Seven patients died during the study period. Three of these patients died in the first month (2 patients in the CIN+ group and 1 patient in the CIN − group; p = 0.325). From the first to the sixth month of follow-up, 4 patients died (3 patients in the CIN+ group and 1 patient in the CIN − group; p = 0.108). Total mortality was higher in the CIN+ group than in the CIN − group (20.1 vs. 2.9%, respectively; p = 0.024; table 1 ).
The Mehran CIN Risk Score MS was significantly higher in the CIN+ patients than in the CIN-patients (14.1 ± 4.4 and 10.9 ± 5.3, respectively; p = 0.012; table 1 ). Patients were classified into four groups according to MS defined as low, moderate, high, and very high. Baseline patient characteristics in each risk group are summarized in table 2 . Gender distribution, heart rate, and the presence of coronary artery disease were similar between the groups. The risk of CIN increased proportionately with the age of the patients. Both systolic and diastolic blood pressure at admission, major bleeding, minor bleeding, major stroke, intensive care unit stay, and left ventricular ejection fraction were similar between the MS groups. Comorbidities like hypertension and diabetes were also similar. Patients in the higher-risk group had a higher STS score, Logistic EuroSCORE, and pre-and postprocedural creatinine levels. Total mortality, brain natriuteric peptide, GFR, contrast volume, and CIN were higher in the higher-risk groups ( table 2 ) .
CIN Predictors
In univariate analysis, diabetes mellitus, coronary artery disease, ejection fraction, baseline creatinine, baseline GFR, volume of contrast agent, and MS were found to be significant risk factors for CIN (p < 0.05 for all). Thus, the multivariate regression analysis was performed with these variables, where baseline creatinine, baseline GFR, volume of contrast agent, and MS were found to be significant predictors of CIN ( table 3 ) .
The ROC analysis of the significant variables in multivariate regression analysis revealed that the cutoff MS to predict the development of CIN was 13.0 (AUC, 0.654; 95% CI, 0.495-0.758; sensitivity, 62%; specificity, 68%), and the cutoff GFR was 54.0 ml/min/1.73 m 2 (AUC, 0.625; 95% CI, 0.477-0.773; sensitivity, 67%; specificity, 66%) ( fig. 1 ; table 4 ).
Discussion
In this prospective study, we primarily indicated that MS can be used to predict the development of CIN in patients undergoing TAVI, with a cutoff value of 13.0 and >60% sensitivity and specificity. After invasive cardiovascular procedures, the mechanism of the kidney damage caused by contrast medium is not exactly clarified. It has been thought that toxicity resulting from the characteristics of the contrast medium and the resultant degree of renal ischemia had a role in the development of CIN. On the other hand, there are also many factors that can make CIN development easier. These can be divided into two groups depending on patient characteristics and invasive surgery. The prominent facilitating characteristics of patients are age, diabetes mellitus, cardiac insufficiency, and impaired basic renal functions [11, 18] . However, these variables were not different between the patients with and without CIN in our study ( tables 1 , 2 ). Regarding TAVI, factors that facilitate CIN development show an increase in the amount of contrast medium, hemodynamic irregularities, and hypotension [11] [12] [13] [14] [15] [16] [17] [19] [20] [21] . Particularly, hypotensive episodes during TAVI may increase CIN probability.
According to Nash et al. [9] , CIN is one of the most significant causes of hospital-acquired renal insufficiency. CIN prevalence after TAVI has been reported as 10-30% [22] [23] [24] . In our study, CIN was detected in 24 patients (25.8%), which was similar to the ratios reported in the literature. A significant increase in morbidity has been reported in earlier studies when cardiovascular pathology coexists with renal dysfunction. Similarly, the development of renal insufficiencies after aortic valve implantations increases mortality [9, 25] . However, in our study, in the first 6 months of follow-up, there was no statistically significant increase in morbidity.
When complications were evaluated separately, the CIN+ group had a higher complication rate than the CIN − group, but this difference was statistically nonsignificant, which may be due to the low number of patients.
Bagur et al. [25] reported that mortality was 7% in aortic valve implantation without kidney injury, whereas with kidney injury, the rate was 15%. In our study, mortality rates during the 6-month follow-up were remarkably higher for those who developed CIN (20.1 vs. 2.9%; p = 0.024). Even the deterioration in basal kidney function, which can be modified by contrast volume, might lead to CIN development that cannot be totally cured.
MS was developed to predict CIN after percutaneous coronary intervention [11] . It is a valuable predictor of future adverse clinical outcomes in patients with acute myocardial infarction undergoing invasive cardiovascular operations [11] . Although persistent renal dysfunction requiring routine hemodialysis is quite rare after CIN, permanent renal impairment may be observed in up to 45.9% of patients with CIN [11] . We found that hospital mortality was higher in patients with CIN and positively correlated with MS. In other words, MS was independently associated with CIN. Patients with MS ≥ 13.0 (sensitivity, 62%; specificity, 68%) were shown to be at high risk for developing CIN. Both CIN and higher MS are associated with increased mortality and morbidity. Therefore, the intraprocedural measures that can prevent this complication may be beneficial in patients at high risk as identified by MS.
The main limitation of the study was the low number of patients, which precludes us from reaching a definitive conclusion on the predictive value of MS for the development of CIN following TAVI procedure. Additionally, the underlying reasons of CIN development such as radiotoxicity, nephrotoxicity, and ischemia were not put forth in depth because renal biopsy could not be performed. Furthermore, follow-up duration was considerably short; we think that as the duration of follow-up rises, statistical differences would become clear. Nevertheless, this was the first study evaluating the predictive value of MS for the development of CIN following TAVI. The findings of our study should be confirmed by further prospective, large-scale studies; thus, MS can be used in clinical practice for TAVI.
In conclusion, MS is a predictor of CIN development after TAVI even in cases of low morbidity and mortality, and we think that the use of MS in clinical practice may decrease renal complications of TAVI.
